In vitro murine embryotoxicity of cyclophosphamide in embryos co-cultured with maternal hepatocytes: development and application of a murine embryo-hepatocyte co-culture model.
The technique of whole embryo culture provides a sensitive model to evaluate both the effects, and their underlying mechanisms, of drugs and environmental chemicals on embryonic development, independent of maternal influences. However, before teratogenic expression, many teratogens must be enzymatically bioactivated to toxic reactive intermediates. To detect such proteratogens, the embryo culture model may need to be coupled with an exogenous bioactivating system if maternal and/or placental metabolism is involved. We developed a similar embryo-hepatocyte co-culture system using embryos and maternal hepatocytes from mice, which often are more sensitive than rats to chemical teratogens, and which may have a balance of phase II drug metabolising enzymes more similar to humans. This murine system was then used to evaluate the relative maternal and embryonic contributions to cyclophosphamide embryopathy. Day 9.5 (morning of plug = day 1) murine embryos were co-cultured for 24 h in vitro with primary cultures of murine maternal hepatocytes (> 85% viability). Murine embryos were exposed to cyclophosphamide concentrations (0, 7.5, 15, 25 micrograms/ml), similar to those used in rat embryo culture studies. Murine embryos co-cultured with murine maternal hepatocytes developed normally, as did embryos exposed to cyclophosphamide in the absence of hepatocytes. Maternal hepatocytes were necessary for the expression of cyclophosphamide embryotoxicity, which was concentration-dependent, as demonstrated by increasing severity of reductions in crown rump length, yolk sac diameter and somite number. These results show that the co-culture of murine maternal hepatocytes and embryos is feasible, and suggest that maternal bioactivation is required for murine cyclophosphamide embryopathy.